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1. INTRODUCTION. 
Spatial ability has been recognized as a significant human skill 
involving the retrieval, retention, and transformation of visual 
information in a special context (Rafi&Samsudin, 2009). In several 
studies it has been shown that spatial ability are important in 
several everyday activities, inﬂuencing academic success in 
science, technology, engineering and mathematics (STEM; Wai, 
Lubinski, & Benbow, 2009; Lubinski, 2010; Uttal, Miller, & 
Newcombe, 2013), navigation and way ﬁnding (Labate, Pazzaglia, 
& Hegarty, 2014; Hegarty, Montello Richardson, Ishikawa, & 
Lovelace, 2006), and sporting activities (Jansen & Lehmann, 2013). 
Spatial ability is devided into three-dimensions: mental rotation, 
spatial visualization and spatial perception (Linn & Petersen,1985). 
This research focuses on one aspect of spatial ability namely 
mental rotation. 
There is a large difference between the performance of women 
and men in the ability to mentally rotate (Geiser, Lehman, & Ied, 
2008). This difference can be observed at 4-5 years of age (Moore 
& Johnson, 2008), and will increase with age (Geiser et al., 2008). 
Therefore, research will be conducted to determine the mental 
rotation abilities of students based on differences sex in high 
mathematical abilities with the age range of 13-14 years.  
1.1 Mental Rotation 
Mental rotation is deﬁned as ‘‘the ability to rotate quickly and 
accurately two- and three-dimensional ﬁgures in imagination’’ 
(Voyer et al., 1995, p. 25). Mental rotation is the ability to rotate two  
 
 
or  three-dimensional objects rapidly and accurately in the mind 
(Linn & Petersen,1985). Mental rotation is also defined as a speciﬁc 
aspect of spatial thinking that is deﬁned as the ability to mentally 
rotate 2D or 3D objects (Shepard & Metzler,1971). Mental rotation 
can be used to understanding area measurement tasks, composing 
or describing 2D  and 3D figures, proving symmetry and finding 
missing addends in number (Cheng & Mix, 2013). But in this study 
will be discussed the ability to rotate quickly and accurately 
two-dimensional figures.  
1.2 Sex Differences in Mental Rotation 
In view of the apparent pervasiveness of sex differences in mental 
rotation, two broad approaches can be distinguished to account for 
them, with speciﬁc explanations typically falling into one of these. 
Biological explanations typically focus on sex hormone levels 
(Courvoisier, 2013), cerebral lateralization (Hahn, Jansen, & Heil, 
2010) and prenatal hormone level (Heil, Kavsek, Rolke, Beste, & 
Jansen, 2011). 
1.3 Mathematics Ability 
Mathematical ability is the capacity to use or manipulate numbers 
effectively in clerical administrative, scientific and other area of 
application of numbers. It is the ability to understand and work with 
numbers with ideas related to numbers (Nizoloman, 2013; Fitriana, 
2019). In other hands, mathematical ability was considered as a 
multidimensional construct, including quantitative ability (number 
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sense and pre-algebraic reasoning), causal ability (examination of 
cause–effect relations), spatial ability (paper folding, perspective 
and spatial rotation abilities), qualitative ability (processing of 
similarity and difference relations) and inductive/deductive ability 
(Kattou, 2012; Netti, 2019). Mathematical abilities are not innate, 
but are properties acquired in life and include the following: (1) The 
ability to obtain mathematical information (i.e. formalised perception 
of mathematical material), (2) The ability to process mathematical 
information (i.e. logical thought, rapid and broad generalisation of 
mathematical objects, relations and operations, the ability to curtail 
the process of mathematical reasoning, flexibility in mental 
processes, a striving for clarity and simplicity of solutions), (3) The 
ability to retain mathematical information (i.e. mathematical memory, 
which is a generalised memory for mathematical relationships, type 
characteristics, schemes of arguments and proofs and methods of 
problem-solving) and (4) A general synthetic component, referred as 
a “mathematical cast of mind (Szabo, 2017; Misu, 2019). 
 
2. RESEARCH METHOD 
2.1 Participant 
After the initial framework was developed, the researcher tested the 
mathematics abilities of students with an range of 13-14 years. 
From these tests, two students with high mathematics abilities who 
have differences sex will be obtained. Both of them are then given a 
mental rotation task to determine the accuracy and speed of 
completing the given task. In addition to giving mental rotation task, 
the participants will be interview guide in order to collect data. 
2.2 Mental Rotation Test 
Mental rotation test will be seen from two aspects: the mental 
rotation accuracy (MRA) and the mental rotation speed (MRS). An 
adapted paper and pencil version of the original Mental Rotation 
Test (MRT: Vandenberg & Kuse, 1978) was adopted . It consists of 
two parts with ten items each, of the same difficulty, used and 
tested in previous studies (Moè, 2009, 2012; Moè & Pazzaglia, 
2006, 2010). Each item consists of one answer and four deceptive 
answers. Two of deceptive answers were rotated versions of the 
target and two of deceptive answers were rotated miror versions of 
the target. The following rotational angles were used: 45 , 90 , 180  
and 360 .  
 
 
 
 
 
Figure 1 Mental Rotation Test (Vandenberg&Kuse,1978) 
 
 
 
 
 
Figure 2 Mental Rotation Test 
 
3. RESULTS AND DISCUSSION 
The results show that high-ability male students are able to 
complete 5 items for 45° rotation questions precisely in 5 minutes. 
There is one wrong answer in this item. While, high-ability female 
students are able to complete 5 items for 45° rotation questions 
precisely in 6 minutes. There is three wrong answer in this 
item.Based on these results then interviews were conducted. 
High-ability male students do not feel significant difficulties when 
determining the rotation image at a 45 °. Only when working on a 
mental rotation is less precise so there is one wrong answer. 
However,high-ability female students are still somewhat difficult to 
visualize the result of two-dimensional rotational objects at an angle  
45°. This is because they feel confused when asked to determine 
the rotation results of a certain point. So when asked to determine 
the results of rotation of a flat building feel difficult. So that only the 
two items can be answered correctly. 
While the questions for rotation 90°, 180° and 360° , high-ability 
male  can be completed in 15 minutes. 3 of the 15 items that were 
answered incorrectly.  High-ability female can be completed this 
items in 17 minutes. 4 of the 15 items that were answered 
incorrectly.  
Overall high-ability male are able to complete 20 mental rotation 
questions within 20 minutes. 4 of the 20 items that were answered 
incorrectly. While high-capable female are able to complete within 
23 minutes.7 of the 20 items that were answered incorrectly. 
High-ability male 3 minutes faster than high-abilty female. Based on 
these results, it can be concluded that high-ability male have better 
mental rotation ability compared to high-ability female students. 
 
4. CONCLUSION 
This study had demonstrated the students mental rotation ability 
based on mathematical ability. The result showed that high ability 
male students able to visualize the result of two-dimensional wake 
rotation such as rotated as 45 , 90 , 180  and 360 . While 
high-ability female students are still somewhat difficult to visualize 
the result of two-dimensional rotational objects such as right triangle 
too but had a difficultness when rotated as 45 . 
 
 
 
REFERENCES 
Cheng,Y.L.,& Mix,K.S. (2013). Spatial training improves children’s mathematics. 
Journal of Cognition and Development (advanced online publication). 
doi:10.1080/15248372.2012. 725186 
Courvoisier, D. S. (2013). Sex hormones and mental rotation: an intensive longitudinal 
investigation. Hormones and Behavior, 63, 345–351. 
 doi:10.1016/j.yhbeh.2012.12.007. 
Fitriana, D. A., & Supahar, S. (2019). Developing an Assessment Instrument of 
Mathematical Problem-Solving Skills in Senior High School. International 
Journal of Trends in Mathematics Education Research, 2(3), 138-141. 
Geiser,C., Lehman,W., & Eid,M. (2008). A note on sex differences in mental rotation in 
different age groups. Intelegence,36, 556-563. doi:10.1016/j.intell.2007.12.003 
Hahn, N., Jansen, P., & Heil, M. (2010). Preschooler’s mental rotation: sex differences 
in hemispheric asymmetry. Journal of Cognitive Neuroscience, 22, 1244–1250. 
doi:10.1162/jocn.2009. 21236.  
Hegarty,M., Montello, D.R.,Richardson,A.E.,Ishikawa.T.,& Lovelace,K. (2006). Spatial 
abilities at different scales: individual differences in aptitude-test performance and 
spatial-layout learning. Intelligence,34, 151-176. doi:10.1016/j.intell.2005. 
09.005. 
Heil, M., & Jansen-Osmann, P. (2008). Sex differences in mental rotation with 
polygons of different complexity: do men utilize holistic processes whereas 
Awalah, et al                                      International Journal of Trends in Mathematics Education Research, Vol. 2, No. 4, August 2019, pp. 165-167                          
 
167 
 
women prefer piecemeal ones? The Quarterly Journal of Experimental 
Psychology, 61, 683–689. doi:10.1080/17470210701822967. 
Heil, M., Kavsek, M., Rolke, B., Beste, C., & Jansen, P. (2011). Mental rotation in 
female fraternal twins: evidence for interuterine transfers? Biological Psychology, 
86, 90–93. doi:10. 1016/j.biopsycho.2010.11.002. 
Jansen,P.,& Lehman,J. (2013). Mental rotation performance in soccer players and 
gymnasts in an object-based mental rotation task. Advance in Cognitive 
Psychology,9,92-98. doi:10.2478/v10053-008-0135-8. 
Kattou, maria, (2012). Connecting mathematical creativity to mathematical ability. 
ZDM Mathematics Education, FIZ Karlsruhe 2012, pp 1-15. 
Labate,E.,Pazzaglia,  F., & Hegarty, M. (2014). What working memory 
subcomponents are needed in the acquisition of survey knowledge? Evidence 
from direction estimation and shortcut task. Journal of Environmental 
Psychology,37,73-79. doi:10.1016/j.jenvp.2013.11.007 
Lubinski,D. (2010). Spatial ability and STEM: a sleeping giant for talent identifications 
and development. Personality and Individual Differences,49, 344-351. doi: 
10.1016/ j.paid.2010.03.022. 
Misu, L., Budayasa, I. K., Lukito, A., & Rosdiana, R. (2019). Comparison of 
Metacognition Awareness of Mathematics and Mathematics Education 
Students Based on the Ability of Mathematics. International Journal of Trends 
in Mathematics Education Research, 2(3), 124-127. 
Moè, A. (2009). Are males always better than females in mental rotation? Exploring a 
gender belief explanation. Learning and Individual Differences, 19, 21–27. 
http://dx. doi.org/10.1016 /j.lindif.2009.08.002. 
Moè, A. (2012). Gender difference does not mean genetic difference: Externalizing im- 
proves performance in mental rotation. Learning and Individual Differences, 22, 
20–24. http://dx.doi.org/10.1016/j.lindif.2011.11.001.  
Moè, A., & Pazzaglia, F. (2006). Following the instructions! Effects of gender beliefs in 
mental rotation. Learning and Individual Differences, 16, 369–377. 
http://dx.doi.org/ 10.1016/j.lindif.2007.01.002. 
Moore,D.S., & Johnson,S.P. (2008). Mental rotation in human infants: A sex difference. 
Psychological Science,19,1063-1066. doi:10.1111/j.1467-9280.2008.02200.x.s 
Nizoloman, odual nabel, (2013). Relationship between mathematical ability and 
achievement in mathematics among female secondary school students in 
Bayelsa State Nigeria. Procedia - Social and Behavioral Sciences, 106 ( 2013 ), 
pp 2230 – 2240. 
Netti, S., Khairul, K., & Amelia, P. (2019). Student’s Mathematical Communication 
Skill Based on The Assimilation and Accommodation Framework. International 
Journal of Trends in Mathematics Education Research, 2(3), 133-137. 
Rafi,A.& Samsudin,K. (2009). Practicing mental rotation using interactive desktop 
mental rotation trainer. British Journal of Educational Technology,40 (5), 889-900. 
Shepard,R.N., & Metzler,J. 1971. Mental rotation of three-dimentsional objects. 
Science,171,70 -703. 
Szabo, Attila, (2017). Uncovering the Relationship Between Mathematical Ability and 
Problem Solving Performance of Swedish Upper 
Utal,D.H.,Miller, D.I.,& Newcombe, N.S. (2013). Exploring and enhancing spatial 
thinking: links to achievement in science, technology, engineering, and 
mathematics? Current Directions in Psychological Science,22,367-373. 
doi:10.1177/0963731413484756 
Wai,J., Lubinski, D.,& Benbow,C.P. (2009). Spatial ability for STEM domains: aligning 
over 50 years of cumulative psychological knowledge solidifies its importance. 
Journal of educational Psychology,101,817 835,doi: 10.1037/a0016127. 
Vandenberg, S. G., & Kuse, A. R. (1978). Mental rotation, a group test of 
three-dimensional spatial visualization. Perceptual and Motor Skills, 47, 599–604 
Voyer, D., Voyer, S.,& Bryden, M.P. (1995). Magnitude of sex differences in spatial 
abilities: a meta-analysis and consideration of critical variables. Psychological 
Bulletin,117, 250-270. doi:10.1037/0033-2909.117.2.250 
 
 
 
 
 
